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bloodAbstract Sensitive, simple and rapid spectrophotometric methods for micro determination of ﬂu-
oxetine hydrochloride (FLU) and clomipramine hydrochloride (CLO). The methods are based on
the reaction between the examined drugs and acid dyes, namely; bromocresol green (BCG), phenol
red (PhR) and metanil yellow (MY) producing yellow ion-pair complexes followed by their extrac-
tion with methylene chloride and measured at 412, 407 and 409 nm for FLU with BCG, PhR and
MY, respectively; whereas for CLO at 409, 406 and 407 nm, respectively. All variables that affect
the performance of the proposed methods were carefully studied and optimized. Beer’s law was
obeyed in the concentration ranges 0.86–24.32 lg/mL, 8.64–41.30 lg/mL, 0.86–34.76 lg/mL for
FLU and 1.75–24.55 lg/mL, 7.0–50 lg/mL, 1.65–34.78 lg/mL for CLO using BCG, PhR and
MY respectively. The methods were validated in terms of accuracy and precision. The proposed
methods were successfully applied to the determination of ﬂuoxetine hydrochloride and clomipra-
mine hydrochloride in pure samples, pharmaceutical formulations, spiked post-mortem urine and
blood samples.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Fluoxetine hydrochloride (Fig. 1a) is an antidepressant of the
selective serotonin reuptake inhibitor (SSRI) class. It is chem-ically designated as N-Methyl-c-[4-(triﬂuoromethyl)phenoxy]
benzenepropanamine hydrochloride.1Fluoxetine is readily
absorbed after oral administration and is extensively
metabolized in the liver by demethylation. The primary active
metabolite is norﬂuoxetine, which is excreted via the kidneys.
Further metabolism can occur by O-dealkylation producing
p-triﬂuoromethyl phenol and hippuric acid. 80% of a druge forms
ON+
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Figure 1 (a) Fluoxetine HCl C17H18 F3NO= 309.3. (b)
Clomipramine HCl C19H23Cl N2HCl = 351.
2 E.A. Ali et al.dose is excreted in urine with less than 10% as the unchanged
parent drug and 15% excreted in feces.1–3
Several techniques have been reported for determination of
ﬂuoxetine hydrochloride like spectrophotometry,4,5 liquid
chromatography (HPLC),6–10 liquid chromatography/tandem
mass spectrometry (LC–MS)11 gas–mass chromatography,
GC–MS,12–14 potentiometric,15 capillary electrophoresis,16
and ﬂuorescence.17
Clomipramine hydrochloride (Fig. 1b), chloro-10, 11-
dihydro-N,N-dimethyl-5H-dibenz[b,f]azepine-5-propanamine
hydrochloride.1
It is a cyclic antidepressant (CA) which is used to treat sev-
eral psychiatric disorders, generalized anxiety disorder, depres-
sion, panic disorder, obsessive–compulsive disorder, eating
disorders and attention deﬁcit hyperactivity disorder.2 Clomi-
pramine hydrochloride is rapidly and completely absorbed
after oral administration, but undergoes extensive ﬁrst-pass
N-demethylation to the major active metabolite, mon-
odesmethyl clomipramine. Clomipramine and monodesmethyl
clomipramine are further metabolized by 8-hydroxylation, N-
oxidation, and conjugation. About 10–15% of a dose is
excreted in the urine in 24 h, of which less than 0.2% is
unchanged clomipramine or monodesmethyl clomipramine.1–3
Several methods described for the determination of clomi-
pramine hydrochloride (CLO) including spectrophotomet-
ric18,19 HPLC,20–23 GCMass,24–26 LC–MS,27,28
chemiluminometric 29 and electrochemical.30,31
For screening of antidepressants in forensic blood samples,
the strategies ought to be applicable for simultaneous determi-
nation of as many antidepressants, as possible in whole blood
which is the most common sample matrix in forensic
analysis.32
Although these sophisticated techniques are available for
the determination of these drugs, factors such as the low cost
of the instrument, easy handling, lack of requirement for con-
sumables and almost no maintenance have caused spectropho-
tometry to remain a popular technique, particularly in
laboratories of developing countries with limited budgets. The
aim of the present study is to develop a simple, accurate, eco-Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), httnomical, sensitive and less-time consuming spectrophotometric
method for the determination of the ﬂuoxetine hydrochloride
(FLU) and clomipramine hydrochloride (CLO) in dosage
forms and spiked post-mortem urine and blood samples. The
methods are based on the reaction between these drugs and acid
dyes, bromocresol green (BCG), phenol red (PhR) and metanil
yellow (MY) producing a yellow ion-pair complexes followed
by their extraction with methylene chloride.
2. Material and methods
2.1. Instrument
A SHIMADZU 1601 spectrophotometer with 1.0 cm quartz
cell was used for recording all spectrophotometric measure-
ments. Consort model P400 was used for adjustment of the
pH. Temperature adjustment during experiments was carried
out with controlled temperature water bath (MLW) Model,
W11-TGL, GBR. Automatic pipettes were used to measure
the very small volumes whereas glass micropipettes and burets
were used to measure the large volumes.
2.2. Chemicals and reagents
Fluoxetine hydrochloride (FLU) and ﬂuoxetine capsules
(20 mg/cap) were provided from the Misr Pharmaceutical
Company (Egypt). Clomipramine hydrochloride (CLO) and
Anafranil tablets (25 mg/tab) were provided by the Novartis
Pharma Company (Egypt). Chemicals used are (suppliers) as
follows:
Phenol red, bromocresol green, metanil yellow, phosphoric
acid, boric acid, sodium hydroxide, and acetic acid are prod-
ucts of Merck chemical company while sodium sulfate anhy-
drous is a product of the BDH chemical company and used
without further puriﬁcation. The most common solvents are
chloroform (Lab-Scan product), methylene chloride, carbon
tetrachloride, benzene (Sigma Aldrish products), petroleum
ether, toluene, n-hexane and cyclohexane (Merck products).
Doubly distilled water was used throughout for preparations
of all aqueous solutions.
2.3. Preparation of buffer solution
Britton–Robinson (B.R.) buffer solution was prepared by mix-
ing equal volumes of 0.4 M of three acids [phosphoric, acetic
and boric acids]. A series of buffer solutions of pH 2.0–12 were
prepared by adding an appropriate volume of 1.0 M sodium
hydroxide as recommended by Britton.33
2.4. General procedure
In 100 ml separating funnel, 4.0 mL (1.0  103 M) of reagents
(BCG, MY) and 5.0 mL (5.0  103 M) of PhR were added to
different volumes of solution containing (1.0  103 M) of
(FLU and CLO) and 3.0 mL of the optimum buffer solution
and the volume was made up to 10 mL with bidistilled water
and mixed well. The yellow formed ion-pairs were extracted
by a separating funnel with 10 mL methylene chloride; the
contents were shaken well for two minutes. Filter the methy-
lene chloride layer over anhydrous sodium sulfate, then com-
plete to 10 mL with the same solvent.34,35 The absorbance ofr determination of fluoxetine and clomipramine hydrochlorides in dosage forms
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Figure 2 (a) Absorption spectra of FLU ion-pairs with BCG,
PhR and MY. (b) Absorption spectra of CLO ion-pairs with
BCG, PhR and MY.
Determination of ﬂuoxetine and clomipramine hydrochlorides in dosage forms 3the extract was measured at the recommended wavelength
against a blank treated in the same way without the addition
of FLU and CLO.
2.5. Analysis of pharmaceutical tablets and capsules
For the analysis of FLU and CLO in ﬂuoxetine capsules
[20 mg/cap], and Anafranil tablets [25 mg/tab], respectively,
ﬁve contents of capsules and/or tablets were accurately
weighed separately and ﬁnely powdered and mixed. A portion
of the powder equivalent to the average weight of one tablet
was dissolved in bidistilled water then ﬁltered through What-
man ﬁlter paper no 1 into a 100 mL volumetric ﬂask and
diluted to the mark with bidistilled water. An aliquot was used
for the determination of each drug according to the procedure
mentioned above.34
2.6. Analysis of post-mortem urine
Transfer 5 ml of post-mortem urine free from investigated
drugs to 100 mL separating funnel was spiked with different
amounts of drugs were added and 3.0 ml of buffer solution
then completes to 10 mL with bidistilled water.34
An aliquot was used for the determination of each drug,
according to the procedure described above.
2.7. Analysis of post-mortem blood
Five mL of post-mortem blood free from investigated drugs to
100 mL separating funnel was spiked with different amounts of
drugs were added and 3.0 mL of buffer solution then completes
to 10 mL with bidistilled water. The content was shaken by
methylene chloride for 5 min.34 The organic layer was collected
and dried with anhydrous sodium sulfate and transferred into a
dried beaker and evaporated on a hot water bath, the residue
was dissolved in 1.0 mL of acetone and 3 mL of buffer solution
and the volume was completed to 10 mL with distilled water.
An aliquot was used for the determination of each drug accord-
ing to the procedure described above.
2.8. Molecular structure of the ion-pairs
The molecular composition between FLU and CLO ion-pairs
with BCG, PhR and MY reagents, Molar ratio and Job’s (con-
tinuous variation methods) were applied.36,37 Job’s method of
continuous variation was employed; 2.0  103 M solutions of
investigating drugs were mixed with 2.0  103 M solution of
each selected reagent in which the total volume of drug and
reagent was kept constant.
Different amounts of drugs and dyes and optimum buffer
were mixed then diluted in calibrated ﬂask and extracted in
the same manner as described above.
3. Results and discussion
3.1. Optimization of method
The following parameters were optimized such as dye concen-
tration, type of extracting solvent, effect of pH and effect of
time.Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), htt3.2. Absorption spectra
The absorption spectra for FLU ion-associates with BCG,
PhR and MY reagents showed a maximum absorbance at
412, 407 nm and 409 nm respectively. Similarly CLO ion-
pairs showed a maximum absorbance at 409, 406 and
407 nm, respectively, the absorbance was measured at those
kmax against the reagent blank (Fig. 2a and b).
3.3. Effect of pH
The inﬂuence of pH was studied using different buffer systems
such as phosphate and acetate buffers. The maximum color
intensity was observed in the pH ranges (3.0–5.0), (2.0–4.0),
and (2.0–3.0) for FLU and (4.0–6.0), (2.0–3.0), and (2.0–5.0)
for CLO ion-pairs with BCG, PhR and MY, respectively as
shown in (Fig. 3).
3.4. Effect of extracting solvents
Methylene chloride was preferred to other solvents (benzene,
toluene, carbon tetrachloride, petroleum ether, chloroform,
cyclohexane and n-hexane) in all cases because of its higherr determination of fluoxetine and clomipramine hydrochlorides in dosage forms
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Figure 3 Effect of pH on FLU and CLO ion-pairs with BCG,
PhR and MY at kmax 412, 407 and 409 nm; 409, 406 and 407 nm
respectively.
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Figure 5 Effect of time on FLU and CLO ion-pairs with BCG,
PhR and MY at kmax 402, 406 and 407 nm; 409, 406 and 407 nm
respectively.
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Figure 6 Molar ratio of FLU and CLO ion-pairs with BCG,
PhR and MY at kmax 412, 407 and 409 nm; 409, 406 and 407 nm
respectively.
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4 E.A. Ali et al.efﬁciency on the color intensity and high extracting power of
ion-pairs and high molar absorptivity.
3.5. Effect of dye concentration
The effect of dye concentration was studied by taking various
amounts (1.0–6.0) ml of 1  103 M solution of BCG, MY and
5  103 M of PhR with 1.0 mL of 1  103 M of testing drug.
The results showed that 4.0 ml of 1  103 M of BCG, MY,
and 5.0 mL of 5  103 M PhR reagent, are sufﬁcient for pro-
duction of maximum and reproducible color intensity. Beyond
these volumes the absorbance remains constant (Fig. 4).
3.6. Effect of time
The ion-pairs were formed almost instantaneously at room
temperature (25 ± 2 C). The effect of time was studied by
measuring the absorbance of the extracted ion-pairs at increas-
ing time intervals. The results showed that the ion-associates
were formed almost instantaneously and the developed color
remained stable for several hours, which are 14, 10, 14 and
14, 12, 14 for FLU and CLO ion-pairs with BCG, PhR and
MY, respectively; after these intervals, a decrease in color
intensity occurred (Fig. 5).0
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Figure 4 Effect of Reagent concentration on FLU and CLO ion-
pairs with BCG, PhR and MY at kmax 412, 407 and 409 nm; 409,
406 and 407 nm respectively.
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Figure 7 Continuous variation of FLU and CLO ion-pairs with
BCG, PhR and MY at kmax 412, 407 and 409 nm; 409, 406 and
407 nm respectively.
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stability constant
In order to determine the stoichiometry of the ion-pairs
formed the continuous variation method and molar ratior determination of fluoxetine and clomipramine hydrochlorides in dosage forms
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Figure 8 (a) Standard curves of FLU ion-pairs with BCG, PhR andMY at kmax 412, 407 and 409 nm respectively. (b) Standard curves of
CLO ion-pairs with BCG, PhR and MY at kmax 409, 406 and 407 nm respectively.
Table 1 Characteristics and analytical data of (FLU) and (CLO) ion-pairs with BCG, PhR and MY.
Parameter FLU/BCG FLU/PhR FLU/MY CLO/BCG CLO/PhR CLO/MY
kmax (nm) 412 407 409 402 406 407
Beer’s law range (lg/mL) 8.64–41.48 0.86–27.66 0.86–24.2 1.65–34.78 7.0–50 1.75–24.59
Molar absorptivity (L mol1 cm1) 0.46  104 1.37  104 1.68  104 1.11  104 0.34  104 1.36  104
Ringbom’s range (lg/mL) 8.64–38 10–30 1.72–17.30 0.1.75–30 10–44 1.75–17
Sandell’s sensitivity (lg/cm) 0.02 0.021 0.021 0.03 0.098 0.03
Limit of detection (lg/mL) 2.11 0.31 0.29 0.57 2.25 0.57
Limit of quantiﬁcation (lg/mL) 7.65 0.92 0.89 1.70 7.10 1.70
Regression equation
Intercept 0.01954 0.02908 0.03036 0.00662 0.01489 0.03558
Slope 0.0155 0.0468 0.05636 0.03197 0.01036 0.03628
Correlation coeﬃcient 0.99904 0.99902 0.99842 0.99904 0.99865 0.99913
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Table 2 Spectrophotometric determination of (FLU).
Reagent Pure solution Fluoxetine capsules 20 mg/cap Spiked urine samples Spiked blood samples
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
BCG 8 8.08 101.00 8 7.91 98.87 8 7.81 97.62 8 7.77 97.12
12 12.06 100.50 12 11.90 99.16 12 11.82 98.50 12 11.67 97.25
15 15.10 100.66 15 14.82 98.80 15 14.74 98.26 15 14.68 97.86
22 22.41 101.86 22 21.60 98.18 22 21.37 97.13
Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD*
101.00 ± 0.94 98.80 ± 0.58 98.14 ± 0.55 97.43 ± 1.08
PhR 10 10.08 100.80 10 9.9 99.00 10 9.71 97.10 10 9.72 97.20
15 15.25 101.67 15 14.95 99.67 15 14.74 98.26 15 14.52 96.80
20 20.07 100.35 20 19.97 99.85 20 19.93 99.65 20 19.48 97.40
25 25.51 102.04 25 24.61 98.44 25 24.29 97.16 25 24 96
Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD*
101.21 ± 0.47 99.24 ± 0.45 98.04 ± 0.68 96.85 ± 1.20
MY 10 10.05 100.50 10 9.90 99.00 10 9.90 98.75 10 9.75 97.50
15 15.11 100.73 15 15 100.00 15 14.73 98.20 15 14.47 96.46
20 20.03 100.15 20 20.02 100.13 20 19.86 99.30 20 19.42 97.10
22 25.30 101.20 25 21.73 98.80 22 21.69 98.60 21 21.67 98.52
Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD*
100.64 ± 0.66 99.48 ± 0.47 98.71 ± 0.77 97.40 ± 0.94
* Mean of six determination, RSD%, percentage relative standard deviation.
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Table 3 Spectrophotometric determination of (CLO).
Reagent Pure solution Anafranil tablets 25 mg/tab Spiked urine samples Spiked blood samples
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
Taken
lg mL1
Found
lg mL1
Recovery
%
BCG 12 12.07 100.62 12 12.08 100.66 12 11.78 98.17 12 11.67 97.25
18 18.03 100.16 18 17.94 99.67 18 17.74 98.56 18 17.46 97
25 25.15 100.60 25 25.04 100.16 25 24.72 98.88 25 23.72 94.88
32 32.09 100.28 32 32.13 100.40 32 31.73 99.15 32 31.31 97.84
Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD*
100.41 ± 0.24 100.22 ± 0.25 98.69 ± 0.57 96.74 ± 1.26
PhR 12 12.08 100.70 12 11.98 99.83 12 11.90 99.17 12 11.44 95.34
18 18.14 100.78 18 17.89 99.38 18 17.87 99.27 18 17.54 97.45
35 35.25 100.70 35 35.10 100.27 35 34.50 98.57 35 33.97 97.05
45 45.27 100.60 45 44.72 99.37 45 44.50 98.88 45 43 95.56
Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD* Mean recovery ± RSD*
100.70 ± 0.11 99.71 ± 0.21 98.97 ± 0.35 96.35 ± 1.28
MY 6 5.97 99.55 6 5.90 98.34 6 5.88 98.00 6 5.82 97.00
12 12.06 100.50 12 12.14 101.16 12 11.86 98.83 12 11.48 95.67
18 17.93 99.62 18 18.10 100.55 18 17.86 99.22 18 17.34 96.34
22 22.12 100.54 22 21.93 99.68 22 21.70 98.63 22 21.28 96.72
Mean recovery ± RSD*
100.03 ± 0.34
Mean recovery ± RSD*
99.93 ± 0.46
Mean recovery ± RSD*
98.67 ± 0.65
Mean recovery ± RSD*
96.43 ± 1.04
* Mean of six determination, RSD%, percentage relative standard deviation.
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Table 4 Statistical treatment of data obtained for determination of (FLU) applying the proposed methods in comparison with the
reference methods.
Parameters Oﬃcial method FLU-PhR FLU-BCG FLU -MY
Pure solution
20 lg mL1
X ± SD 99.97 ± 0.112 100.35 ± 0.12 100.30 ± 0.17 100.15 ± 0.13
n 6 6 6 6
t-value* 1.5 0.95 0.67
F-value 1.14 2.3 1.34
Fluoxetine capsules
20 mg/cap
20 lg mL1
X ± SD 100.04 ± 0.092 99.85 ± 0.10 100.25 ± 0.11 100.13 ± 0.15
n 6 6 6 6
t-value* 0.86 0.93 0.3
F-value 1.35 1.43 2.65
Spiked urine samples
20 lg mL1
X ± SD 99.15 ± 0.10 99.65 ± 0.17 99.00 ± 0.09 99.30 ± 0.14
n 6 6 6 6
t-value* 1.51 0.81 0.33
F-value 2.9 1.23 4.84
Spiked blood samples
20 lg mL1
X ± SD 98.00 ± 0.18 97.40 ± 0.22 97.70 ± 0.18 97.10 ± 0.15
n 6 6 6 6
t-value* 1.64 0.81 2.45
F-value 1.50 1.36 1.44
n, number of replicates.
* Theoretical value at 95% conﬁdence level.
8 E.A. Ali et al.method were applied. The results revealed that the formation
of ion-pair complex between drug and reagent followed a 1:1
reaction stoichiometry in all cases (Figs. 6 and 7).
The conditional stability constant (kf) of the ion-pair com-
plex was calculated from the continuous variation data using
the following equation:
kf ¼¼ A=Am½1 ðA=AmÞnþ2CMðnÞn
where A and Am were the observed maximum absorbance and
the absorbance value when all the drug is associated, respec-
tively.38 CM is the mole concentration of the drug at the max-
imum absorbance and n is the stoichiometry, which BCG, PhR
and MY ion associates with FLU and CLO. The log kf values
were found 4.48, 2.75 and 4.26; 4.50, 4.23 and 4.68 for FLU
and CLO ion-pairs with BCG, PhR and MY, respectively.
From the results the obtained ion associates complex is of high
stability.
3.8. Interference studies
The results indicated that no interference marked in the deter-
mination of FLU and CLO with different reagents BCG, PhR
and MY in the presence of different additives such as lactose,
glycerol, propylene glycol, sugar and starch which are present
in its pharmaceutical preparations.Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), htt3.9. Method validation
3.9.1. Linearity
The obedience of absorbance of the ion-pairs of the investi-
gated drugs with coloring reagents to Beer’s law is shown in
(Fig. 8a and b).
The calibration graph in each case is described by the equa-
tion39: A= a+ bC where A= absorbance, a= intercept,
b= slope and C= concentration in lg/ml, correlation coefﬁ-
cient, intercept and slope of the calibration data are summa-
rized in Table 1 also molar absorptivities (Є) Sandell’s
sensitivity was evaluated and recorded in Table 1.
For more accurate analysis the Ringbom optimum concen-
tration ranges were determined by plotting log [drug] in lg/mL
against percent transmittance from which the linear portion of
the curve gives an accurate range of determination (Table 1).
3.9.2. Sensitivity
The detection limit (LOD) 40 for the proposed method was cal-
culated using the following equation
LOD ¼ 3S
k
where S is the standard deviation of replicate determination
values under the same conditions as the sample analysis in
the absence of the analyte and k is sensitivity, the slope ofr determination of fluoxetine and clomipramine hydrochlorides in dosage forms
p://dx.doi.org/10.1016/j.ejfs.2016.05.007
Table 5 Statistical treatment of data obtained for determination of (CLO) applying the proposed methods in comparison with the
reference method.
Parameters Oﬃcial method CLO-PhR CLO-BCG CLO-MY
Pure solution
20 lg mL1
X ± SD 99.10 ± 0.127 99.00 ± 0.12 98.05 ± 0.10 99.94 ± 0.15
n 5 6 6 6
t-value* 0.4 0.25 1.95
F-value 1.12 1.61 1.56
Anafranil tablets
25 mg/tab
20 lg mL1
X ± SD 99.30 ± 0.15 99.25 ± 0.17 99.35 ± 0.13 99.00 ± 0.092
n 5 6 6 6
t-value* 0.14 0.18 1.63
F-value 1.28 1.33 2.65
Spiked urine samples
20 lg mL1
X ± SD 98.77 ± 0.12 98.55 ± 0.16 98.70 ± 0.07 98.50 ± 0.086
n 5 6 6 6
t-value* 1.08 0.51 1.3
F-value 1.78 2.93 2.25
Spiked blood samples
20 lg mL1
X ± SD 98.00 ± 0.14 97.80 ± 0.17 97.60 ± 0.12 97.40 ± 0.16
n 6 6 6 6
t-value* 0.70 1.40 2.1
F-value 1.47 1.36 1.3
n, number of replicates.
* Theoretical value at 95% conﬁdence level.
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are recorded in Table 1.
The limit of quantitation,40 (LOQ)
LOQ ¼ 10S
k
According to this equation, the limits of quantiﬁcation were
calculated and are recorded in Table 1.
3.9.3. Analytical applications
The proposed methods were successfully applied to the deter-
mination of investigating drugs in pure, dosage forms and
spiked urine samples. Six replicates determinations, using
reported coloring reagents at different concentration ranges,
were carried out for pure FLU and CLO; ﬂuoxetine capsules
(20 mg/cap) and Anafranil tablets (25 mg/tab) and their spiked
urine samples. The overall recoveries are in the range 97.10–
101.86% reﬂecting a high accuracy of the results (Tables 2
and 3).
The mean values obtained and the calculated standard devi-
ations are compared with those obtained by the ofﬁcial meth-
ods41 and by applying the t- and F-tests42,43 it was found that
there are no signiﬁcant differences between the proposed and
the ofﬁcial methods (Tables 4 and 5). So the present methods
are accurate, precise, highly sensitive, rapid, and simple and
their results are in good agreement with those of the ofﬁcial
methods.Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), htt4. Conclusion
The proposed methods for the determination of FLU and
CLO with different reagents (BCG, PhR and MY) were suc-
cessfully applied to the determination of investigating drugs
in pure, dosage forms and spiked urine samples. The results
are compared statistically with the ofﬁcial methods. High
recoveries, accuracy, in addition to the high precision indicated
by very low values of relative standard deviations have been
achieved. Also, these methods are less time consuming and
need simple reagents which are available, thus offering an eco-
nomic method for the routine determination of the cited drugs.
References
1. Moffat CA. Clarks isolation and identification of drugs. 3rd
ed. London: Pharmaceutical Press; 2005.
2. Martindale Parﬁtt K. The extra pharmacopoeia. 36th ed. Lon-
don: The Pharmaceutical Press; 2009.
3. Rahway JN. Merck Index. An Encyclopedia of Chemicals, Drugs
and Biologicals. 13th ed, 2001, USA.
4. Bagheri H, Zandi O, Aghakhani A. Extraction of ﬂuoxetine from
aquatic and urine samples using sodium dodecyl sulfate-coated
iron oxide magnetic nanoparticles followed by spectroﬂuorimetric
determination. Anal Chim Acta 2011;692(1):80–4.
5. Khan IU, Aman T, Iqbal MA, Kazi AA. Spectrophotometric
quantitation of ﬂuoxetine hydrochloride using benzoyl peroxide
and potassium iodide. Mikrochim Acta 2000;134(1):27–31.r determination of fluoxetine and clomipramine hydrochlorides in dosage forms
p://dx.doi.org/10.1016/j.ejfs.2016.05.007
10 E.A. Ali et al.6. de Freitas DF, Porto CE, Vieira EP, de Siqueira ME. Three-phase,
liquid-phase microextraction combined with high performance
liquid chromatography-ﬂuorescence detection for the simultane-
ous determination of ﬂuoxetine and norﬂuoxetine in human
plasma. J Pharm Biomed Anal 2010;51(1):170–7.
7. Silva BJ, Lanc¸as FM, Queiroz ME. Determination of ﬂuoxetine
and norﬂuoxetine enantiomers in human plasma by polypyrrole-
coated capillary in-tube solid-phase microextraction coupled with
liquid chromatography-ﬂuorescence detection. J Chromatogr A
2009;1216(49):8590–7.
8. Unceta N, Go´mez-Caballero A, Sa´nchez A, Milla´n S, Sampedro
MA, Goicolea MA, et al. Simultaneous determination of citalo-
pram, ﬂuoxetine and their main metabolites in human urine
samples by solid-phase microextraction coupled with high-perfor-
mance liquid chromatography. J Pharm Biomed Anal 2008;46
(4):763–70.
9. Unceta N, Barrondo S, Ruiz de Azu´a I, Go´mez-Caballero A,
Goicolea MA, Salle´s J, et al. Determination of ﬂuoxetine,
norﬂuoxetine and their enantiomers in rat plasma and brain
samples by liquid chromatography with ﬂuorescence detection. J
Chromatogr B Analyt Technol Biomed Life Sci 2007;852(1–
2):519–28.
10. Vlase L, Imre S, Leucuta S. Determination of ﬂuoxetine and its N-
desmethyl metabolite in human plasma by high-performance
liquid chromatography. Talanta 2005;66(3):659–63.
11. Bonde SL, Bhadane RP, Gaikwad A, Gavali SR, Katale DU,
Narendiran AS. Simultaneous determination of olanzapine and
ﬂuoxetine in human plasma by LC–MS/MS: its pharmacokinetic
application. J Pharm Biomed Anal 2014;90:64–71.
12. Fernandes C, Van Hoeck E, Sandra P, Lanc¸as FM. Determination
of ﬂuoxetine in plasma by gas chromatography–mass spectrometry
using stirbar sorptive extraction. Anal Chim Acta 2008;614
(2):201–7.
13. Addison RS, Franklin ME, Hooper WD. Sensitive, high-through-
put gas chromatographic–mass spectrometric assay for ﬂuoxetine
and norﬂuoxetine in human plasma and its application to
pharmacokinetic studies. J Chromatogr B Biomed Sci Appl
1998;716(1–2):153–60.
14. Goodnough DB, Baker GB, Coutts RT. Simultaneous quantiﬁ-
cation of ﬂuoxetine, norﬂuoxetine, and desipramine using gas
chromatography with nitrogen-phosphorus detection. J Pharma-
col Toxicol Methods 1995;34(3):143–7.
15. Hussien EM, Abdel-Gawad FM, Issa YM. Ion-selective electrodes
for determination of ﬂuoxetine in capsules and in biological ﬂuids.
Biochem Eng J 2011;53:210–5.
16. Berzas-Nevado JJ, Contento-Salcedo AM, Villasenor-Llerena MJ,
Aguas-Nuevo E. Method development and validation for the
simultaneous determination of ﬂuoxetine and ﬂuvoxamine in
pharmaceutical preparations by capillary electrophoresis. Anal
Chim Acta 2000;417(2):169–76.
17. Ramaiya A, March C, Karnes HT. Single pump column switching
technique employing a ﬂow gradient and wavelength programmed
ﬂuorescence for simultaneous monitoring of serotonin, ﬂuoxetine
and norﬂuoxetine in rat brain microdialysate. J Pharm Biomed
Anal 1997;15(6):729–38.
18. Rahman N, Afaqa N. Optimization and validation of spectroﬂu-
orimetric method for the determination of clomipramine
hydrochloride via ion-pair complexation with alizarin red S. Anal
Methods 2010;2:513–8.
19. Syeda A, Mahesh HR, Syed AA. 2, 2’-Bipyridine as a new and
sensitive spectrophotometric reagent for the determination of
nanoamounts of certain dibenzazepine class of tricyclic antide-
pressant drugs. II Farmaco 2005;60(1):47–51.
20. Kirchherr H, Ku¨hn-Velten WN. Quantitative determination of
forty-eight antidepressants and antipsychotics in human serum by
HPLC tandem mass spectrometry: a multi-level, single-sample
approach. J Chromatogr B Analyt Technol Biomed Life Sci
2006;843(1):100–13.Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), htt21. Pirola R, Mundo E, Bellodi L, Bareggi SR. Simultaneous
determination of clomipramine and its desmethyl and hydroxy
metabolites in plasma of patients by high-performance liquid
chromatography after solid-phase extraction. J Chromatogr B
Analyt Technol Biomed Life Sci 2002;772(2):205–10.
22. Ivandini TA, Sarada BV, Terashima C, Rao TN, Tryk DA,
Ishiguro H, et al. Electrochemical detection of tricyclic antide-
pressant drugs by HPLC using highly boron-doped diamond
electrodes. J Electroan Chem 2002;521(1–2):117–26.
23. Yoshida H, Hidaka K, Ishida J, Yoshikuni K, Nohta H,
Yamaguchi M. Highly selective and sensitive determination of
tricyclic antidepressants in human plasma using high-performance
liquid chromatography with post-column tris(2,20-bipyridyl)
ruthenium(III) chemiluminescence detection. Anal Chim Acta
2000;413(1–2):137–45.
24. Xu R, Lee HK. Application of electro-enhanced solid phase
microextraction combined with gas chromatography–mass spec-
trometry for the determination of tricyclic antidepressants in
environmental water samples. J Chromatogr A 2014;1350:15–22.
25. Papoutsis I, Khraiwesh A, Nikolaou P, Pistos C, Spiliopoulou C,
Athanaselis S. A fully validated method for the simultaneous
determination of 11 antidepressant drugs in whole blood by gas
chromatography–mass spectrometry. J Pharm Biomed Anal
2012;70:557–62.
26. Weigmann H, Ha¨rtter S, Bagli M, Hiemke C. Steady state
concentrations of clomipramine and its major metabolite
desmethylclomipramine in rat brain and serum after oral admin-
istration of clomipramine. Eur Neuropsychopharmacol 2000;10
(5):401–5.
27. Lendoiro E, Quintela O´, deCastro A, Cruz A, Lo´pez-Rivadulla M,
Concheiro M. Target screening and conﬁrmation of 35 licit and
illicit drugs and metabolites in hair by LC–MSMS. Forensic Sci Int
2012;217(1–3):207–15.
28. de Castro A, Concheiro M, Quintela O, Cruz A, Lo´pez-Rivadulla
M. LC–MS/MS method for the determination of nine antidepres-
sants and some of their main metabolites in oral ﬂuid and plasma:
study of correlation between venlafaxine concentrations in both
matrices. J Pharm Biomed Anal 2008;48(1):183–93.
29. Marques KL, Santos JLM, Lima JLFC. Multi commutated ﬂow
system for the chemiluminometric determination of clomipramine
in pharmaceutical preparations. Anal Chim Acta 2004;518:31–6.
30. Ortun˜o JA, Herna´ndez J, Sa´nchez-Pedren˜o. Ion-selective electrode
for the determination of some multidrug resistance reversers. Sens
Actuators B 2006;119(1):282–7.
31. Wang J, Golden T, Ozsoz M, Lu Z. Sensitive and selective
voltammetric measurements of tricyclic antidepressants using
lipid-coated electrodes. J Electroanal Chem Interfacial Electrochem
1990;298(3):217–26.
32. Kolecki PF. Forensic toxicology. In: Riviello RJ, editor. Manual
of forensic emergency medicine: a guide for clinicians, vol. 6. Jones
& Bartlett Publishers; 2010. p. 36–43.
33. Britton HTS. Hydrogen ion. 4th ed. London: Chapman and Hall;
1952. p. 364.
34. Abdel-Ghani NT, Rizk MS, Mostafa M. Extractive determination
of ephedrine hydrochloride and bromhexine hydrochloride in pure
solutions, pharmaceutical dosage form and urine samples. Spec-
trochim Acta A Mol Biomol Spectrosc 2013;111:131–41.
35. Omara HA, Amin AS. Extractive-spectrophotometric methods for
determination of anti-Parkinsonian drug in pharmaceutical for-
mulations and in biological samples using sulfonephthalein acid
dyes. J Saudi Chem Soc 2012;16:75–81.
36. Yoe JH, Jones AL. Ind Eng Chem Anal Ed 1944;16:1111–5.
37. Job P. Ann Chem 1936;16:97;
Advanced physicochemical experiments, . 2nd ed. Edinburgh,
UK: Oliner and Boyd; 1964. p. 54.
38. Inczedy J. Analytical application of complex equilibria. Eng-
land: Ellis Horwood Ltd; 1976. p. 137–43.r determination of fluoxetine and clomipramine hydrochlorides in dosage forms
p://dx.doi.org/10.1016/j.ejfs.2016.05.007
Determination of ﬂuoxetine and clomipramine hydrochlorides in dosage forms 1139. Vogel S. Textbook of quantitative chemical analysis. 5th ed, 1989.
p. 675–84, London.
40. Hubaux Andre, Vos Gilbert. Decision and detection limits for
linear calibration curves. Anal Chem 1970;42(8):849–55.
41. British Pharmacopoeia, Her Majesty’s Stationary Ofﬁce, 2nd, vol.
London; 2009. p. 1472, 2608.Please cite this article in press as: Ali EA et al. Simple spectrophotometric methods fo
and in some post-mortem biological fluids samples, Egypt J Forensic Sci (2016), htt42. Dowdy S, Weardern S. Statistics for research. New York: Wiley;
1983.
43. Miller JC, Miller JN. Significance tests in statistics for analytical
chemistry. 3rd ed. Chichester, UK: Ellis Hardwood; 1993 chapter
3.r determination of fluoxetine and clomipramine hydrochlorides in dosage forms
p://dx.doi.org/10.1016/j.ejfs.2016.05.007
